4135 Technology Parkway, Sheboygan, Wisconsin 53083

February 13, 2004

Mr. Juan Thomas, MPH
USEPA Region V
RCRA ECAB, DE-9]
77 W. Jackson Blvd
Chicago, IL. 60604

Subject: Documentation of Envirommental Indicator Determinations and Final
Corrective Measures Proposal
Former Stanley Tools Facility
Fowlerville, Michigan
EPA ID#: MID099124299

Dear Mr. Thomas:

In accordance with Paragraphs 13 and 15 of the Administrative Order on Consent, U.S. EPA
Docket No. RCRA-05-2003-0004, Earth Tech and Weston Solutions, Inc. (ETW), on behalf
of Johnson Controls, Inc., are submitting the Environmental Indicator (EI) Report for Human
Health (CA 725), the EI Report for Groundwater (CA 750), and the Final Corrective
Measures Proposal. Both EI documents were modified based on review comments received
from the U.S. EPA during our meeting in Chicago, Illinois on December 17, 2003. The Final
Corrective Measures Proposal recommends remedies for soil, groundwater, and sediment as
outlined to you during our December 17, 2003 meeting.

ETW and Johnson Controls, Inc. appreciate your assistance during the planning and
execution of the project activities. Feel free to call me at (248) 779-2812 with any questions

or comments regarding the enclosures.

Sincerely,

Earth Tech, Inc.

Andrew J. Lonergan
Project Manager

T

¢ D. Reis, LLC
C. Preston, Entact
P. Bartz, Weston

Enclosures: CA 725

CA 750
Final Corrective Measures Proposal
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DOCUMENTATION OF ENVIRONMENTAL INDICATOR DETERMINATION

Interim Final 2/5/99
RCRA Corrective Action
Environmental Indicator (EI) RCRIS Code (CA 750)

Migration of Contaminated Groundwater Under Control

Facility Name: Johnson Controls

Facility Address: Fowlerville, Michigan
Facility EPA ID#: MID-099-124-299

1.Has all available relevant/significant information on known andrreasonably suspected releases to the groundwater
media, subject to RCRA Corrective Action (e.g., from Solid Waste Management Units (SWMU), Regulated Units
(RU), and Areas of Concern (AOC)}, been considered in this EI determination?

X If yes — check here and continue with #2 below.

_ If no — re-evaluate existing data, or

If data are not available skip to #8 and enter “IN” (more information needed) status code.

BACKGROUND

Definition of Environmental Indicators (for the RCRA Corrective Action)

Environmental Indicators (EI) are measures being used by the RCRA Corrective Action program to go beyond
‘programmatic activity measures (e.g., reports received and approved, etc.) to track changes in the quality of the
environment. The two EI developed to-date indicate the quality of the environment in relation to current human
exposures to contamination and the migration of contaminated groundwater. An EI for non-human (ecological)
receptors is intended to be developed in the future.

Definition of “Migration of Contaminated Groundwater Under Control” EI

A positive “Migration of Contaminated Groundwater Under Control” EI determination (*YE” status code) indicates
that the migration of “contaminated” groundwater has stabilized, and that monitoring will be conducted to confirm
that contaminated groundwater remains within the original “area of contaminated groundwater” (for all groundwater
“contamination” subject to RCRA corrective action at or from the identified facility (i.e., site-wide}).

Relationship of EI to Final Remedies

While Final remedies remain the long-term objective of the RCRA Corrective Action program the EI are near-term
objectives which are currently being used as Program measures for the Government Performance and Results Act of
1993 (GPRA). The “Migration of Contarmsinated Groundwater Under Control” EI pertains ONLY to the physical
migration (i.e., further spread) of contaminated groundwater and contaminants within groundwater (e.g., non-
aqueous phase liquids or NAPL's). Achieving this EI does not substitute for achieving other stabilization or final
remedy requirements and expectations associated with sources of contamination and the need to restore, where
practicable, contaminated groundwater to be suitable for its designated current and future uses.

Duration/Applicability of EI Documentation

EI Determinations status codes should remain in RCRIS national database ONLY as long as they remain true (i.e.,
RCRIS status codes must be changed when the regulatory authorities become aware of contrary information).



2. Is groundwater known or reasonably suspected to be “contaminated”’ above appropriately
protective “levels™(i.e., applicable promulgated standards, as well as other appropriate standards,
guidelines, guidance, or criteria) from releases subject to RCRA Corrective Action, anywhere at, or
from, the facility?

__ X If yes — continue after identifying key contaminants, citing appropriate “levels,” and referencing
supporting documentation.

If no - skip to #8 and enter “YE” status code, after citing appropriate “levels,” and referencing
supporting documentation to demonstrate that groundwater is not “contaminated.”

If unknown - skip to #8 and enter an “IN” status code.

Rationale and Reference (s):

Groundwater is known to be contaminated above the National Primary Drinking Water Regulations Maximum
Contaminant Levels (MCL’s) and the applicable sections of the Michigan Act 451, Part 201 generic cleanup criteria
for groundwater. Although there are no present on-site users of groundwater, there are no groundwater use
restrictions for the property nor for properties surrounding the site. Hence, the Part 201 Generic Residential
Drinking Water Criteria are applicable promulgated standards for on-site groundwater. It should be noted however,
that there are no supply wells within 2,500 feet of the site, with the exception of a single house approximately 950
feet due west of the Red Cedar River that has a water well.

Groundwater contaminants exceeding the MCL’s based upon groundwater monitoring well samples collected on-
site and off-site during November 2003, are comprised of chlorinated volatile organic compounds (VOC’s)
including trichloroethylene (TCE), cis-1,2-dichloroethene, and vinyl chloride, metals including arsenic, cadmium,
and hexavalent chromium, and free cyanide.

Groundwater contaminants exceeding Drinking Water Criteria include vinyl chloride (330 ug/l in November 2003)
at monitoring well MW-17 located immediately west of the Red Cedar River, and trichloroethene (3400 ug/l and
2900 ug/l) at monitoring wells MW-02 and MW-01 respectively, located in the southeastern quadrant of the site.

The table below highlights contaminants in the groundwater medium that exceeded Maximum Coataminant Levels
(MCL’s)



Constituent Highest Conc. Maximum Well Location Other Well DMlkPaitéfOl
11/2003 ug/L Concentration with Highest Locations rmclflt’ vvater
Level (MCL) | Conc. (11/2003) | Exceeding MCL ”‘ffa
ug/L. (11/2003) ue
cis-1,2- 600 70 MW-01 MW-02, 03, 05, 70
dichloroethene 06, 08, 17, 25,
(DCE)
Trichloroethylene 3400 5 MW-02 MW-01, 03, 05, >-0
(TCE) 06, 10, 17, 18,
25, #OB-2, #0E-
3
Vinyl Chloride 330 2 MW-17 MW-02, 12, 08, 20
09, *0S-3, 10,
11, 18, 19,23,
26,
Consfituent Highest Conc. Maximum Well Location Other Well DMIkl_)artVZVOi[
11/2003 mg/L Concentration with Highest Locations rmCu.'ltg yvater
Level (MCL) | Conc. (11/2003) | Exceeding MCL n ‘723
mg/L (11/2003) e
Arsenic 131 010 MW-22 MW-2, 030
Cadmium 013 005 MW-J2 * 005
Lead 0044 015 5+ MW-28 (12/03) 004

* indicates that sample was collected 10/2003

# indicates geoprobe sampling locations (3/2003 - 10/2003)
*#*Action level concentration given for lead (Pb); no MCL available for Pb. Action level is based on a Treatment
Technique that requires public water systems to control the corrosiveness of their water. Action level is not based on
groundwater potability.

** indicates off-site weli (11/2003)

Summary Report RCRA Facility Investigation, October 2001
Groundwater Environmental Indicators Support Document, Former Stanley Tools, Fowlerville,
MI Feb 2004

Reference (s):

Footnotes: ‘
“Contamination” and “‘contaminated” describes media containing contaminanis (in any form, NAPL and/or
dissolved, vapors, or solids, that are subject to RCRA) in concentrations in excess of appropriate “levels”
(appropriate for the protection of the groundwater resource and its beneficial uses).



3. Has the migration of contaminated groundwater stabilized (such that contaminated groundwater is
expected to remain within “existing area of contaminated groundwater™ as defined by the monitoring locations
designated at the time of this determination)?

X _If yes - continue after presenting or referencing the physical evidence (e.g., groundwater
sampling/measurement/migration barrier data) and rationale why contaminated groundwater is
expected to remain within the (horizontal or vertical} dimensions of the “existing area of
groundwater contamination™).

If no (contaminated groundwater is observed or expected to migrate beyond the designated
locations defining the “existing area of groundwater contamination’™) - skip to #8 and enter “NO”
status code, after providing an explanation.

If unknown - skip to #8 and enter an “TN™ status code.

Rationate and Reference (s):

The migration of groundwater has stabilized as evidenced by a reduction in the size of the plume of VOC constituent
concentrations detected in the shallow aquifer. Hydrostratigraphic cross-sections, a top of bedrock contour map,
potentiometric surface maps, and groundwater quality data were used to assess groundwater flow and transport
conditions and potential groundwater contaminant migration/stabilization. In addition, historical groundwater
sampling data was geospatially compared, i.e., in both vertical and horizontal dimensions, to that of more recent
groundwater sampling data. Constituents of concern or constituents that exceeded MCL’s are cis-1,2-dichloroethene,
(cis-1,2-DCE), TCE, vinyl chloride, arsenic, and cadmium. Analysis of these data sets revealed the following:
historical TCE, cis-1,2 DCE and vinyl chloride contamination could be geospatially defined by an east-west band
extending from the southeastern quadrant of the site to southwestern quadrant of the site extending southwest to the
banks of the Red Cedar River. Historical concentrations of TCE in the southeastern quadrant had concentrations of
TCE as taken from geoprobe sampling locations of 4800 ug/L. (TCEl), to 16000 ug/L (TCE15). Sample location
TCELS was located in the approximate center of the southeast - southwest band. Historical monitoring well and
geoprobe groundwater samples for ¢is-1.2-DCE could also be defined by geoprobe sampling locations TCE-1 (1100
ug/L}, TCE-15 (1900 ug/L). In addition, geoprobe groundwater sample locations TCE-16 (1200 ug/l), TCE-37
(8200 ug/L), and TCE-§ (1100 ug/L) all collected in July 2000 exceeded the State of Michigan Part 201
groundwater/surface water interface criteria (GSI), of 620 ppb. More recent groundwater samples collected in
November 2003 revealed that the TCE and cis-1,2-DCE plume can be defined by the same well locations (see
proceeding table below). TCE samples collected from within this area had concentrations ranging from 1300 ug/L
(MW-03), to 3400 ug/L. (MW-02) and cis-1,2-DCE ranging from 91 ug/L. at MW-06, to 410 ug/L at MW-17. Hence
the reduction of concentration as well as the reduction of a geospatial horizontal dimension of TCE and cis-1,2 DCE
contaminant distributions appears to indicate that the cis-1,2-DCE plume and TCE plume is shrinking.

Vinyl chloride which is a daughter producg of TCE is also shown possibly migrating to the Red Cedar River more
specifically, MW-17, and MW-08 had concentrations of 330 ug/Tl. and 130 ug/L., respectively, both collected in
November 2003. Monitoring well B-1 collected in October 2003 had a concentration of 250 ug/L.. November 2003
groundwater sampling data also indicated that MW-0S3 which is located on the western side of the Red Cedar
River had a vinyl chloride concentration of 29 ppb. Because there has not been any data collected from west of the
Red Cedar River at MW-083 nor from any other monitoring wells west of the Red Cedar River frem any historical
groundwater sampling events prior to July 2003, (off-site to the west), it is inconclusive whether the phime has
migrated beyond its original defined dimensions. The MCL for viny} chloride is 2 ug/L, hence 10% the MCL is 20
ug/L, and the GSI standard is 15ug/L. The data does not show that there has been any vertical migration of vinyl
chloride in any of the monitoring wells because vinyl chloride has been found primarily in the shallow aquifer.
There is one deep well (MW-B2) where vinyl chloride was detected in the most recent rounds of sampling, 38 ug/L.
However the screening level depth as discerned from well construction diagrams and pieziometric surface map show
that the well screen was instalied at two distinct geological regions (i.e., shallow and intermediate aquifers).



Groundwater monitoring well sample focations that exceed groundwater quality standards are presented below.

Constituent Highest Conc. Maximum Applicable GSI Well Locations Well Locations
1172003 ug/L Contaminant Criteria ug/LL exceeding GSI | Exceeding MCL
Level (MCL) {11/2003) {11/2003)
ug/L
cis-1,2- 600 (MW-GD 70 620 - MW-02, 03,05,
dichloroethane 06, 08, 17, 25,
(DCE)
Trichloroethylene | 3400 (MW-02) 5 200 MW-0L, 02,03 | MW-01, 02,03,
(TCE) 05, 06, 17, 25, 05, 06, 10, 17,
18, 25,
Vinyl Chloride 330 (MW-1T7) 2 15 MW-02, 08, MW-02, 08, 09,
- 083, 10, 08-3, 10, 11, 12,
18,19, 23,26,
Constituent Highest Cone. Maximum Applicable GSI | Well Locations | Well Locations
11/2003 mg/L Contaminant Criteria mg/L exceeding GSI | Exceeding MCL
Level (MCL}. (11/2003) (11/2003)
mg/L
Arsernic 131 (MW-22) 010 A5 None MW-22, MW-
23,
Cadmiwm 013* (MW-J2) 005 0062 MW-J2 MW-J2
Copper 148 (MW-08) 13 029 MW-08, 18, 20, None
Nickel 1.07 (MW-25) 3.6 (PRG)** A7 MW- 08, 25, None
Chromiom 02 (MW-08, & 0.1 011 MW-08, 22 None
22)
Cyanide 04 (MW-18) 0.2 005 MW-05, 06, 08, None
09, 13, 13C, 14,
14C, 15, 15C,
17,18, 19, 22,
23, Osl, O83C

The groundwater flow conceptual model! for the study area is comprised primarily by groundwater flowing towards
and discharging to the Red Cedar River. Shallow groundwater from uplands east and west of the Red Cedar River
flows toward the Red Cedar River, located on the western site boundary.

There are four significant conditions that can be used to establish and verify the stability of the current area of
shallow aquifer groundwater contamination. The first condition is the low permeability soils and resulting aguitard
that underlies the shallow aquifer and restricts the downward migration of groundwater contaminants.

The second condition is the westerly groundwater flow direction of the shallow aquifer across the site, with
groundwater discharging into the Red Cedar River bordering the western site boundary. The Red Cedar River is a



local groundwater discharge area that functions as a natural hydraulic barrier preventing the westerly migration of
contaminants beyond the local discharge ared. Contaminants in the lower unconsolidated deposits are less subject to
groundwater transport due to lower hydraulic conductivities, but the ultimate destination for mobile constituents s
the river’s lowland/floodplain discharge area.

The third condition is the source excavation project that was conducted during the summer and fall of 2003.
Approximately 83,900 tons of contaminated soil was excavated across the site to water table depth at approximately
95% of the site. This effort effectively removed all remaining contaminants formerly present within the vadose zone,
capiliary fringe, and top portion of the saturated zone across the site. Included in this massive excavation was the
elimination of phase-separated hydrocarbons beneath SWMU C. The excavated area was backfilled with clean fill
material consisting of various grades of sand, some silt, and lenses of clay materials.

The fourth condition is the absence of a dense non-aqueous phase liquid (DNAPL) at the site, which is demonstrated
based on several site characteristics. No VOC groundwater concentrations meet or exceed 1% of their respective
solubility’s in water, a rule of thumb benchmark indicating potential DNAPL. Wells with the highest VOC
detections are all located within the eastern half of the site, and each of these well screens extends to the aquitard,
thereby providing “worst-case” groundwater chemistry data that would indicate whether DINAPL is present along
the aquitard surface. The monitoring well network within and adjacent to the VOC plume footprint is comprised of
at least 10 wells having screens at or straddling the aquifer-aquitard contact, which provides excellent groundwater
and DNAPL monitoring capabilities. Geoprobe sampling depths of up to 17.5 feet have characterized groundwater
quality to within two feet of the aquitard surface. The aquitard surface is relatively flat across the majority of the
eastern on-site area, with aquitard surface elevations decreasing (i.e. sloping toward) the south and west of MW-01.
Further off-site to the east, the aquitard surface elevation decreases toward new monitoring well MW-28, which did
not exhibit any VOC detections indicative of DNAPL. Shallow groundwater samples were collected at 8 locations
east of the site during 2003. While the clay aguitard surface was not encountered, the highest VOC detection from
those samples was 9.2 ppb of TCE, indicating DNAPL ( if ever present) has not migrated via gravity flow eastward
from the MW-02 area.

In summary, based on groundwater discharge to the Red Cedar River, the aquitard underlying the shallow aquifer,
the close proximity of the contaminated groundwater to the discharge area, the removal of contaminant source
materials across the site using interim remedial measures, and the lack of a continuing contaminant source due to the
demonstrated absence of any DNAPL beneath the site, contaminated groundwater is expected to remain within the
current horizontal and vertical dimensions of the existing area of groundwater contamination.

Reference (s):  Summary Report RCRA Facility Investigation, October 2001
Groundwater Environmental Indicators Support Document, Former Stanley Tools, Fowlerville,
MI Feb 2004
JCI Fowlerville Teamlink Website, https://westonproject.net/

Footnotes:

2”existing area of contaminated groundwater” is an area (with horizontal and vertical dimensions)
that has been verifiably demonstrated to contain all relevant groundwater contamination for this determination, and
is defined by designated (monitoring) locations proximate to the outer perimeter of “contamination” that can and
will be sampled/iested in the future to physically verify that all “contaminated” groundwater remains within this
area, and tha! the further migration of “contaminated” groundwater is not occurring. Reasonable allowances in the
proximity of the monitoring locations are permissible to incorporate formal remedy decisions (i.e., including public

participation) allowing a limited area for natural attenuation.



4, Does “contaminated” groundwater discharge into surface water bodies?

X I yes - continue after identifying potentially aftected surface water bodies.

If no - skip to #7 (and enter a “YE” status code in #8, if #7=yes) after providing an explanation
and/or referencing documentation supporting that groundwater “contamination” does not enter
surface water bodies.
If unknown - skip to #8 and enter “IN” status code.

Rationale and Reference(s):

The site is located on the eastern bank of the Red Cedar River. Impacted groundwater from the site discharges to
the Red Cedar River. :



3. Is the discharge of “‘contaminated” groundwater into surface water likely to be “insignificant” (i.e., the
maximum concentration® of each contaminant discharging into surface water is less than 10 times their appropriate
groundwater “level,” and there are no other conditions (e.g., the nature, and number, of discharging contaminants, or
environmental setting), which significantly increase the potential for unacceptable impacts to surface water,
sediments, or eco-systems at these concentrations)?

I yes,-skip to #7 (and enter “YE” status code in #8 if #7=yes), after documenting: 1) the
maximum known or reasonably suspected concentration® of key contaminants discharged above
their groundwater “level,” the value of the appropriate “level(s),” and if there is evidence that the
concentrations are increasing; and 2) provide a statement of professional judgment/explanation (or
reference documentation) supporting that the discharge of groundwater contaminants into the
surface water is not anticipated to have unacceptable impacts to the receiving surface water,
sediments, or eco-system.

X __¥f no, (the discharge of “contaminated” groundwater into surface water is potentially significant) -
continue after documenting: 1) the maximum known or reasonably suspected concentration’ of
each contaminant discharged above its groundwater “level,” the value of the appropriate
“level(s),”and if there is evidence that the concentrations are increasing; and 2) for any
contaminants discharging into surface water in concentrations’ greater than 100 times their
appropriate groundwater “levels,” the estimated total amount (mass in kg/yr) of each of these
contaminants that are being discharged (loaded) into the surface water body (at the time of the
determination), and identify if there is evidence that the amount of discharging contaminants is
mereasing.

If unknown - enter “IN™ status code in #8.
Rationale and Reference(s):

The discharge of contaminated groundwater into surface water is of significance due to the detections of three
constituents in concentrations greater than ten times their respective maximum contaminant levels. TCE: seven
groundwater monitoring installations located primarily in southeastern and southwestern quadrants of the site had
detections of trichloroethylene (TCE), greater than 50 ug/L. (Note the MCL for TCE is 5 ug/L). These samples were
collected in the November 2003 sampling round and are representative of groundwater quality conditions of the
shallow aquifer; Vinyl Chloride: vinyl chloride was detected in six groundwater monitoring wells collected during
the November 2003 sampling round. Monitoring well locations, MW-09 to MW-08 form a north-south band
extending approximately 250 feet wide from the north central area of the site down to the southwestern quadrant of
the site. The concentration of vinyl chloride detected in these six wells range from 28 ug/I. to 338 ug/L. The MCL
for vinyl chloride is 2 ug/L; Arsenic: only one groundwater monitoring well location {MW-22) exceeded ten times
the MCL (As MCL = .010 mg/L). The concentration detected during the November 2003 sampling round was .13
mg/l.. MW-22 is located in the upper northwestern quadrant of the site near the Red Cedar River. The table below
list well locations that were detected with significant concentrations of contaminants, i.e., ten times the maximum
contaminant level.



Constituent

MCL

HOX MCL

Location
(ug/L)

Aquifer

Date of Sample

TCE

5 ug/L

50 ug/L

MW-02 (3400)
MW-01 (2900)
MW-05 (2100)
MW-03 (1300)
MW-17 (300)

Shallow

Nov. 2003

Vinyl Chioride

2 ug/L.

20 ug/L

MW-02 (28)
MW-08 (130}
MW-09 (2.9)
MW-083 (29
MW-10 (23)
MW-11 (2.5)
MW-17 (330)
MW-18 (14)
MW-19 (7.5)

Shallow

Nov. 2003

Arsenic

10 ug/L

100 ug/L

MW-22 (131)

Shallow

Nov. 2003

Reference:

Summary Report RCRA Facility Investigation, October 2001

Groundwater Environmental Indicators Support Document, Former Stanley Tools, Fowlerville,
MI Feb 2004
JCI Fowlerville Teamlink Website, hitps://westonproject.net

*As measured in groundwater prior to eniry to the groundwater-surface water/sediment interaction (e.g., hyporheic)

Zone.



6. . Can the discharge of “contaminated” groundwater into surface water be shown to be “currently
acceptable™ (i.e., not cause impacts to-surface water, sediments, or eco-systems that should not be allowed to
continue until a final remedy decision can be made and implemcnted4)?

__X If yes - continue and either: I) identifying the Final Remedy decision incorporating these
conditions, or other site-specific criteria (developed for the protection of the site’s surface water,
sediments, and eco-system), and referencing supporting documentation demonstrating that these
criteria are not exceeded by the discharging groundwater; OR
2) providing or referencing an interim-assessment’, appropriate to the potential for impact, that
shows the discharge of groundwater contaminants into the surface water is (in the opinion of
trained specialists, including ecologist) adequately protective of receiving surface water,
sediments, and eco-systems, until such time when a full assessment and final remedy decision can
be made. Factors which should be considered in the interim-assessment (where appropriate (o
help identify the impact associated with discharging groundwater) include: surface water body
size, flow, use/classification/habitats and contaminant leading limits, other sources of surface
waterfsediment contamination, surface water and sediment sample results and comparisons to
available and appropriate surface water and sediment “levels,” as well as any other factors, such as
effects on ecological receptors (e.g., via bio-assays/benthic surveys or site-specific ecological Risk
Assessments), that the overseeing regulatory agency would deem appropriate for making the EI
determination.

If no - (the discharge of “contaminated” groundwater cannot be shown to be *“currently
acceptable”) - skip to #8 and enter the “NO” status code, after documenting the currently
unacceptable impacts to the surface water body, sediments, and/or eco-systerns.

If unknown - skip to #8 and enter “IN” status code.
Rationale and Reference(s):

A Groundwater-surface water mixing zone determination was computed for the three constituents of concern whose
concentrations in groundwater were determined to be “significant” based on the constituent’s concentrations
exceeding “ten times” their respective appropriate groundwater quality level, as indicated in question #5. The
constituents are TCE, vinyl chloride and arsenic. Since vinyl chloride represents the worst-case site specific
constituent concentration having probability for groundwater-surface water discharge, vinyl chloride in groundwater
at MW-17 will be evaluated for its acceptability in discharging into the Red Cedar River. Based on the vinyl
chloride concentration calculated in the mixing zone model, the resulting calculated mixing zone concentration i.e.,
groundwater to surface water discharge, will be compared to the appropriate surface water protection criteria.

Areas of Groundwater Discharge Associated With Current Exceedences in Groundwater

The discharge area is being computed from a horizontal distance of 280°, which is the length of the vinyl chloride
contarination found in well locations contiguous to the Red Cedar River subsequent to the soil excavation project
completed during the summer and fall of 2003. This horizontal plume band can be defined by a northern boundary
that extends from 30’ north of MW-26, to a southern boundary that extends south to an area just south of the
southern drainage ditch. Monitoring well MW-17 located on the northern boundary had a vinyl chloride
concentration of 330 ug/L and the south ditch represents an intermediate point between MW-08 and MW-14 (MW-
08 had a viny! chloride concentration of 130 ug/L. and MW-14 located on the southern boundary had a concentration
of 1.2 ug/.L. Since vinyl chloride was found on both sides of the River, the discharge area will be approximated by a
horizontal length of 280" x 8+ 8” or 280" x 16" of wetted perimeter = 4480 ft2

Avoc = 280ft x 16 ft = 4,400 ft*

State of Michigan Department of Environmental Quality (MDEQ) Flow Measurements and Prescribed Low Flow
Discharge (Qsw) For the Red Cedar River




The MDEQ completes mixing zone determinations using conservatively derived stream flow values representing a
90-day once in 10-year flow (900Q10). The mean harmonic flow value for the Red Cedar River based on MDEQ
measurements taken at the site boundary is 12 ¢fs. The MDEQ 90Q10 value is 3.8 cfs. For purposes of this EI 750
Determination, the more conservative MDEQ 9010 value of 3.8¢cfs will be used.

(Qsw) = (3.8 ft'/sec) (86,400 sec/day) = 328,320 {*/day

Average Value of Horizontal Hydraulic Gradient for the Shallow Aquifer (i)

i = 0.032 {/ft (the actual gradient measured from MW-17 to the Red Cedar River)

Hydraulic Conductivity (K) From RFI Permeability Tests

K =317 ft/day (geometric mean of all K measurements)

Calcylated Groundwater Flux (Qgy)

Qoo = (K) (1) (A)
Qgw = (3.17 ft/day) (0.032 ft/f) (4,400 %) = 446 f/day

Estimated Surface Water Concentrations (C,,) After Discharge

Concentrations in surface water computed using the following model:

(Caw ) (Qgw} = (Csw) {(Qew + (0.1) (Qsw)}

Cgw = vinyl chioride concentration in groundwater at MW-17 330 ug/L.
Qgw = 446 ft’/day, calculated groundwater flux

. Csw = X (concentration of vinyl chloride in surface water body i.e., Red Cedar River)
Qsw ==1328320 ft3.f'day, surface walter body flow rate

The table below illusirates the resulting surface water concentrations of the three site-specific constituents of
concern using the mixing-zone model. The modeled concentrations are then compared to most recent surface water
quality data as well as the State of Michigan, Part 4, Rule 57 Water Quality Values which are the appropriate surface
water quality criteria for the JCI site. The State of Michigan, Part 4, Rule 57 Water Quality Standards are calculated
surface water quality values to protect human, wildlife and aquatic life.

Conc. Acceptable

Constituent Groundwater Surface Water MI Rule 57 Water Calculated
Sample Sample Quality Value Groundwater Passes or Fails MI
{ug/L) ug/lL. ug/L Discharge (Mixing Rule 57 Water
Zone) Quality Criteria
ug/L
Vinyl Chloride 330 62} 13 (HCV non- 442 (a) Passes Criteria
drink)
TCE 300 il 530 HNV non- 4.02 (a) Passes Criteria
drink)
Arsenic 131 2.3-45 280 HNV (non- 1.75 (a) Passes Criteria
drink)

The resulting estimated surface water constituent concentrations computed from the mixing zone model, itlustrates
that all three constituents of concern, i.e., vinyl chloride, TCE, and Asg, are all within the State of Michigan Part 4,




Rule 57 Water Quality Criteria. Hence the current groundwater discharge of vinyl chloride can be considered
currently acceptable.

In addition, vinyl chloride, TCE and As concentrations are expected to decline over subsequent groundwater
sampling events due to the massive excavation of contaminated soil in 2003 that effectively removed the most
significant continuing source area of chlorimated solvents to shallow groundwater at the site. In addition,
groundwater remediation activities may be implemented in the future, if necessary, should increased concentrations,
newly identified Rule 57 exceedences, or plume rebound effects be identified during the groundwater monitoring
program.

Reference (s}:  Summary Report RCRA Facility Investigation, October 2001
Groundwater Environmental Indicators Support Document, Former Stanley Tools, Fowlerville,
MI Feb 2004
JCI Fowlerville Teamlink Website, hitps://westonproject.net

Footnotes:

a - mixing zone calculated using 90 day once in ten year flow (90Q10) of 3.8 ft3/sec

HNYV — Human noncancer cancer value, drinking and non-drinking as per Rule 57 Water Quality Values

HCV —~ Human cancer cancer value, drinking and non-drinking as per State of Michigan Rule 57 Water Quality Values

7. Will groundwater monitoring/measurement data (and surface water/sediment/ecological data, as
necessary) be collected in the future to verify that contaminated groundwater has remained within the horizontal (or
vertical, as necessary) dimensions of the “existing area of contaminated groundwater?”

X . If yes - continue after providing or citing documentation for planmed activities or future
sampling/measurement events. Specifically identify the well/measurement locations which will be
tested in the future to verify the expectation (identified in #3) that groundwater contamination will
not be migrating horizontally (or vertically, as necessary) beyond the “existing area of
groundwater contamination.”

If no, enter a “NO” status code in #8.
If unknown - enter an “IN” status code in #8.
Rationale and Reference(s):

Groundwater monitoring/measurement data will be collected in the future to verify that contaminated groundwater
has remained within the horizontal and vertical dimensions of the existing area. Future groundwater sampling will
be conducted both on-site and off-site to confirm the findings of the 2003 groundwater study and to further
characterize the nature and extent of groundwaier contamination over time. Long-term groundwater sampling will
also allow the assessment of anticipated beneficial effects resulting directly from the massive removal of the
contaminated soil from the site during 2003. A groundwater monitoring program consisting of a total of seventeen
monitoring wells will be established to m@nitor the existing contaminated groundwater area. Of the seventeen
groundwater monitoring wells, two wells are located upgradient of the facility and the remaining fifteen wells are
located to monitor down and side gradients of the former regulated units and solid waste management umits
{(SWMU’s).

Future groundwater sampling will be conducted on a semi-annual basis for the next two-year pertod. Groundwater
sample analyses will include metals, including arsenic, cadmium, copper, nickel, chromium and lead, cyanide,
polychiorinated biphenyls, semi-volatile organic compounds including cis-1,2-DCE, and VOC's, including TCE
and viny! chloride on selected well samples. Following the two-year sampling period, the frequency of sampling
and parameters selected for analysis will be re-evaluated based on an assessment of past water quality data.

Groundwater level measurements will be conducted for the next two-year period on a semi-annual basis. The
groundwater level measurements will be evaluated and groundwater flow direction confirmed to verify that



contaminated groundwater flow paths remain within the horizontal and vertical dimensions of the existing area of
contaminated groundwater. The table below summarizes the groundwater monitoring wells for the proposed
groundwater monitoring program and the attached map 1illustrates their locations.

Monitoring Well Identification Location
MW-02 Shallow
MW-11 Shallow
MW-14 Shallow
MW-17 Shallow
MW.21 Shallow
MW-22 Shallow
MW-24 Shallow
MW-25 Shallow
MW-26 Shallow
MW-28 Shallow
MW-B1 Shallow

MW-0S3 Shallow
MW-0OS53C ) Deep
MW-28C Deep
MW-B2 Deep
MW-J2 Deep
MW-0S1C Deep

Reference (g):  Summary Report RCRA Facility Investigation, October 2001

Groundwater Environmental Indicators Support Document, Former Stanley Tools, Fowlerville,
MI Feb 2004

JCI Fowlerville Teamlink Website, hitps://westonproject.net
Final Corrective Measures Proposal Former Stanley Tools Fowlerville, MI, February 2004




8. Check the appropriate RCRIS status codes for the Migration of Contaminated Groundwater Under Control
EI (event code CA750), and obtain Supervisor (or appropriate Manager) signature and date on the EI determination
below (attach appropriate supporting documentation as well as a map of the facility).

* X YE - Yes, “Migration of Contaminated Groundwater Under Control” has been verified. Based on
a review of the information contained in this EI determination, it has been determined that the
“Migration of Contaminated Groundwater” ts “Under Control” at the Former Stanley Too facility,
EPA ID# MID099124299, located at 425 Frank Street, Fowlerville, Michigan. Specifically, this
determination indicates that the migration of “contaminated” groundwater is under control, and
that monitoring will be conducted to confirm that contaminated groundwater remains within the
“existing area of contaminated groundwater.” This determination will be re-evaluated when the
Agency becomes aware of significant changes at the facility.

NO - Unacceptable migration of contaminated groundwater is observed or expected.

IN - More information is needed to

ke a determination.
Completed by  (signature)

: / ' Date %0 Soot-
/;(z/ ..ff (title) . Jumn/ 1 Flovus s
o Wi rvam, §cmf g

1 Supervisor (signature) - S > g__ , _j Dt ?, S0~ pf__

G o8 ﬂ}w{_

(pring P aresh
(title) ) z -?-f—wt‘/.}vé’..:
(EPA Region or State) ' C‘F ("4 C < )“1{‘3

K&f - Lenn
Locations where References may be found

USEPA Region 5
Records Center, 7™ Floor
77 W. Jackson

Chicago, IL. 60604

Contact telephone and e-mail numbers:

(name) Juan Thomas
(phone #) 312-886-6010
(e-mail) Thomas.juan@epa.gov
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DOCUMENTATION OF ENVIRONMENTAL INDICATOR DETERMINATION
Interim Final 2/5/99
RCRA Corrective Action
Environmental Indicator (EI) RCRIS Code (CA 750)

Migration of Contaminated Groundwater Under Control

Facility Name: Johnson Controls

Facility Address: Fowlerville, Michigan

Facility EPA TD#: MID-099-124-299

i Has all available relevant/significant information on known and reasonably suspected releases to the

groundwater media, subject to RCRA Corrective Action (e.g., from Solid Waste Management Units
(SWMU), Regulated Units (RU), and Areas of Concern (AOC)), been considered in this EI determination?

X If yes — check here and continue with #2 below.
If no — re-evaluate existing data, or
_ If data are not available skip to #8 and enter “IN* (more information needed) status code.

BACKGROUND

Definition of Environmental Indicators (for the RCRA Corrective Action)

Environmental Indicators (EI) are measures being used by the RCRA Corrective Action program to go beyond
programmatic activity measures (e.g., reports received and approved, etc.) to track changes in the quality of the
environment. The two EI developed to-date indicate the quality of the environment in relation to current human
exposures to contamination and the migration of contaminated groundwater. An EI for non-human (ecological)
receptors is intended to be developed in the future.

Definition of “Migration of Contaminated Groundwater Under Control” EI

A positive “Migration of Contaminated Groundwater Under Control” EI determination (“YE” status code) indicates
that the migration of “contaminated” groundwater has stabilized, and that monitoring will be conducted to confirm
that contaminated groundwater remains within the original “area of contaminated groundwater” (for all groundwater
“contamination” subject to RCRA corrective action at or from the identified facility (i.e., site-wide)).

Relationship of EI to Final Remedies

While Final remedies remain the long-term objective of the RCRA Corrective Action program the EI are near-term
objectives which are currently being used as Program measures for the Government Performance and Results Act of
1993 (GPRA). The “Migration of Contaminated Groundwater Under Control” EI pertains ONLY to the physical
migration (i.e., further spread) of contaminated groundwater and contaminants within groundwater (e.g., non-
aqueous phase liquids or NAPLs). Achieving this EI does not substitute for achieving other stabilization or final
remedy requirements and expectations associated with sources of contamination and the need (o restore, where
practicable, contaminated groundwater to be suitable for its designated current and future uses.

Duration/Applicability of EI Documentation

EI Determinations status codes should remain in RCRIS national database ONLY as long as they remain true (i.e.,
RCRIS status codes must be changed when the regulatory authorities become aware of contrary information).

LAwork\65468\admin\2004 GW ENFinal GW EI Form 020504.doc






Migratien of Contaminated Groundwater Under Control
Envirenmental Indicator (BI) RCRIS Cede (CAT50)
Page 2

2. Is groundwater known or reasonably suspected to be “contaminated”' above appropriately protective
“levels” (i.e., applicable promulgated standards, as well as other appropriate standards, guidelines,
guidance, or criteria) from releases subject to RCRA Corrective Action, anywhere at, or from, the facility?

X___If yes — continue after identifying key contaminants, citing appropriate “levels,” and referencing
supporting documentation.

If no - skip to #8 and enter “YE” status code, after citing appropriate “levels,” and referencing
supporting documentation to demonstrate that groundwater is not *‘contaminated.”

- If unknown - skip to #8 and enter an “TN” status code.

Rationale and
Reference(s):

Groundwater is known to be contaminated above the appropriate protective levels. The site location is shown on
Figure 1. All figures, tables and appendices referenced on this form are presented in the attached Groundwater
Environmental Indicators Support Document. The applicable promuigated standards for groundwater known or
reasonably suspected to be contaminated have been established separately in this evaluation for off-site and for on-
site groundwater contamination. The applicable on-site groundwater standards are the Michigan Act 451, Part 201
Generic Groundwater/Surface Water Interface (GSE) Criteria established under Michigan’s Natural Resources and
Environmental Protection Act (NREPA) because groundwater from the site discharges to the Red Cedar River.
There are no on-site users of groundwater. JCI will establish groundwater use restrictions for the property and,
therefore the Part 201 Generic Residential Drinking Water Criteria are not applicable promulgated siandards for on-
site groundwater.

The applicable off-site groundwater standards are the Part 201 Residential Drinking Water Criteria and/or the GSI
Criteria. Drinking Water Criteria are applicable because groundwater use restrictions are currently not in place for
properties surrounding the site. It should be noted however, that there are no supply wells within 2,500 feet of the
site, with the exception a single house approximately 950 feet due west of the Red Cedar River that has a water well.
Part 201 GSI Criteria are also applicable for off-site areas where groundwater is flowing toward and dischazging to
the Red Cedar River.

Groundwater contaminants exceeding the GSI Criteria, based upon groundwater monitoring well samples collected
on-site and off-site during September and October 2003, are comprised of chlorinated volatile organic compounds
(VOCs) including trichioroethene, cis-1,2-dichloroethene, and vinyl chloride, metals including arsenic, cadmium,
and hexavalent chromium, and free cyanide. Figure 2 presents the locations of monitoring well samples that
exhibited GSI exceedances. A summary of the laboratory analytical data for on-site and off-site groundwater
monitoring wells exceeding GSI Criteria is presented on Table 1. A complete tabulation of laboratory results for
groundwater samples collected in 2003 are presented in Appendix A.

Part 201 also provides generic cleanup criteria for other groundwater exposure pathways. These include:
Groundwater Contact and various Volatilizatior to Indoor Air Inhalation Criteria. None of these criteria were
exceeded by any monitoring well sample analyzed during 2003 (Table 1), and the exposure pathways are not
complete.

Off-site groundwater contaminants exceeding Part 201 Generic Residential Drinking Water Criteria have been
evaluated based upon monitoring well samples collected off-site between September 2003 and January 2004, and
groundwater samples collected using a Geoprobe rig between March and October 2003. Groundwater contaminants
exceeding Drinking Water Criteria include viny! chloride (29 ug/l in November 2003) at monitoring well MW-053
located immediately west of the Red Cedar River, and trichloroethene (50 ug/l and 9.2 ug/l) at Geoprobe borings
OE-2 and OE-3, respectively, immediately upgradient of the east property line. Figure 3 presents the locations of
all off-site groundwater samples that exhibited Drinking Water Criteria exceedances. A surmmary of the laboratory
analytical data for off-site groundwater samples exceeding Drinking Water Criteria is presented on Table 1.
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Footnotes:

o ontamination” and “contaminated” describes media containing contaminants (in any form, NAPL
and/or dissolved, vapors, or solids, that are subject to RCRA) in concentrations in excess of appropriate
“levels” (appropriate for the protection of the groundwater resource and its beneficial uses).

Liwark\65468\admin\2004 GW EDNFinal GW EI Form 020504.doc
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3 Has the mngratmn of contaminated groundwater stabilized (such that contarminated groundwater is
expected to remain within “existing area of contaminated groundwater™ as defined by the moniioring
locations designated at the time of this determination)?

X _If yes - continue after presenting or referencing the physical evidence (e.g., groundwater
ampling/measurement/nﬁgration barrier data) and rationale why contaminated groundwater is
expected to remain within the (horizontal or vertical) dimensions of the “existing area. of
ground water contanunau0n”2)

If no (contammated groundwater is observed or expected to migrate beyond the designated
locations defining the “existing area of groundwater contamination™) - skip to #8 and enter “NO”
status code, after providing an explanation.

If unknown - skip to #8 and enter an “IN” status code.
2”existing area of contaminated groundwater” is an area (with horizontal and vertical dimensions) that has been
verifiably demonstrated to contain all relevant groundwater contamination for this determination, and is defined by
designated (monitoring) locations proximate to the outer perimeter of “contamination” that can and will be
sampled/tested in the future to physically verify that all “contaminated” groundwater remains within this area, and
that the further migration of “contaminated” groundwater is not occurring. Reasonable allowances in the proximity
of the monitoring locations are permissible to incorporate formal remedy decisions (i.e., inciuding public
participation) allowing a limited area for natural attenuation.

Rationale and
Reference(s):

The migration of contaminated groundwater has stabilized and is expected to remain within the existing area of
contaminated groundwater. Hydrostratigraphic cross-sections, a top of bedrock contour map, potentiometric surface
maps, and groundwater quality data were used to assess groundwater flow and transport conditions and potential
groundwater contaminant migration/stabilization. Most of the detected groundwater contaminants {VOCs, metals,
and cyanide) that exceed the GSI Criteria and all of the off-site contaminants that exceed the Residential Drinking
Water Criteria, occur in the shallow aquifer, which is the saturated portion of the relatively permeable upper
unconsolidated deposits. Groundwater monitoring well and off-site geoprobe groundwater sample locations that
exceed groundwater quality standards are presented on Figures 2 and 3.

The groundwater flow conceptual model for the study area is comprised primarily by groundwater {lowing towards
and discharging to the Red Cedar River. Shallow groundwater from uplands east and west of the Red Cedar River
flows toward the Red Cedar River, located on the western site boundary. The groundwater flow conceptual model
presented in Figure 4 identifies the Red Cedar River groundwater discharge area. Estimated groundwater contour
lines were provided for the western side of the river prior to December 2003 well instaliations. Those subsequent
wells installation confirmed the conceptual model (as discussed below).

There are five significant conditions that can be used to establish and verify the stability of the current area of
shallow aquifer groundwater contamination. The first condition is the low permeability soils and resulting aquitard
that underlies the shallow aguifer and restricts the downward migration of groundwater contaminants.

The second condition is the westerly groundwater flow direction of the shallow aquifer across the site, with
groundwater discharging into the Red Cedar River bordering the western site boundary. The Red Cedar River is a
local groundwater discharge area that functions as a natural hydraulic barrier preventing the westerly migration of
contaminants beyond the local discharge area. Contaminants in the lower unconsolidated deposits are less subject to
groundwater transport due to lower hydraulic conductivities, but the ultimate destination for mobile constituents is
the river's lowland/floodplain discharge area.

The third condition is the close proximity of the former groundwater contaminant source areas to the local discharge

area. Onsite groundwater contaminants in excess of GSI Criteria extend approximately 550 feet upgradient of the
river and groundwater flow paths in this portion of the site are directly toward the local discharge area.
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The fourth condition is the source excavation project that effectively removed all remaining contaminants formerly -
present within the vadose zone, capillary fringe, and top portion of the saturated zone across the site. Included in
this massive excavation was the elimination of phase-separated hydrocarbons beneath SWMU C.

The fifth condition is the lack of a dense non-agueous phase liquid (DNAPL) at the site, which is demonstrated
based on several site characteristics: No VOC groundwater concentrations meet or exceed 1% of their respective
solubilities in water, a rule of thumb benchmark indicating potential DNAPL. Wells with the highest VOC
detections are all located within the eastern half of the site, and each of these well screens extends to the aguitard, .
thereby providing “worst-case” groundwater chemistry data that would indicate whether DNAPL is present along
the aquitard surface. Additionally, these wells are located within VOC release (or “source”) areas, based on vadose
zone soil characterizations conducted prior to and during the large scale soil excavation efforts completed during
2003 Interim Measure activitics. The monitoring well network within and adjacent to the VOC plume footprint is
comprised of at least 10 wells having screens at or straddling the aquifer-aquitard contact, which provides excellent
groundwater and DNAPL monitoring capabilities. There are only three plume footprint upper aquifer monitoring
well screen bottoms completed above (i.e. not straddling) the aquitard surface: MW-10, MW-17, and MW-26.
These wells are all 1ocated near the western portion of the site, apart from the VOC “source” areas with the highest
likelihood for DNAPL. The aquitard surface is relatively flat across the majority of the eastern on-site area, with
aquitard surface elevations decreasing (i.e. sloping toward) the south and west of MW-01. Further off-site to the
east, the aquitard surface elevation decreases toward new monitoring well MW-28, which did not exhibit any YOC
detections indicative of DNAPL. ETW sampled shallow groundwater at § locations east of the site during 2003.
While the clay aquitard surface was not encountered, Geoprobe sampling depths of up to 17.5 feet have
characterized groundwater quality to within 2 feet of the aquitard surface. The highest VOC detection from those
samples was 9.2 ppb of TCE, indicating DNAPL (if ever present) has not migrated via gravity flow castward from
the MW-02 area. There were no VOCs identified above detection limits in December 2003 samples from new
eastern off.site well nest MW-28 and MW-28C.

Therefore, the completed site characterization effort, along with the existing monitoring well network, adequately
provides short and long term assurances that DNAPL is not present along the upper aquifer-aguitard interface.
Based on groundwater discharge to the Red Cedar River, the aquitard underlying the shallow aquifer, the close
proximity of the contaminated groundwater to the discharge area, the successful removal of contaminant source
materials across the site, and the lack of a continuing contaminant source due to the demonstrated absence of any
DNAPL beneath the site, contaminated groundwater is expected to remain within the current horizontal and vertical
dimensions of the existing area of groundwater contamination.

The following descriptions of the site hydrostratigraphic units, groundwater flow systems, and detections of
groundwater contaminants present a detailed evaluvation of the groundwater and contaminant flow regime and
support the conclusion that groundwater contamination has stabilized.

Hydrostratigraphic cross-sections were developed from soil boring logs presented in the October 2001 RCRA
Facility Investigation (RFI) Report and from more recent borings advanced during 2003to address data gaps. The
site hydrostratigraphic cross-sections and the associated cross-section location map are presented on Figures 5
through 8. Boring logs and well completion reports are presented in Appendix B. The site hydrogeology is
characterized by upper unconsolidated deposits that comprise the shallow aquifer, lower unconsolidated deposits
comprised of typical aquitard characteristics, and siltstone/shale/sandstone bedrock. The upper unconsolidated
deposits are predominantly layers of SW, SP, or SM soils (coarser-grained) that include lenses of CL., ML, and
CLAML. soils (finer- grained) based on the Unified Soil Classification System (USCS). Geotechnical laboratory
testing results are presented in Appendix C. The thickness of the upper unconsolidated deposits is typically
between 10 feet and 15feet. In the RFI, the horizontal saturated hydraulic conductivities in the upper
unconsolidated deposits, based on site aquifer tests, were reported to range from 2.4x10°* centimeters per second
{cm/s) to 4.8x10° cm/s. In-situ horizontal hydraulic conductivity testing performed in November 2003 range from
223107 to 4.6x10° co/sec in the upper aquifer In-situ hydraulic conductivity test results from November 2003 are
summarized in Table 2 and the calculations are presented in Appendix D.

Prior to the excavation of contaminated soils at the site, the shaflow aquifer likely exhibited confined groundwater
flow conditions in portions of the site due to an overlying clay layer extending from the ground surface to a depth of
approximately 6 to 10 feet. During soil excavation, this clay layer (and associated soil and groundwater/free phase
contaminants) were removed and fransported off-site for disposal. The resulting excavation was subsequently
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backfilled with coarser grained fill material resulting in & shallow aquifer at water table conditions. Comparison of
the shallow aquifer groundwater flow direction before and after excavation indicates that no significant change in
flow direction has occurred as a result of the contaminated soil excavation activities. Before and after shallow
aquifer groundwater flow maps from March 4, 2003, and December 18, 2003, are presented on Figures @ and 190,
respectively. The shallow aquifer remains under confined groundwater flow conditions in the easiern portion of the
site where excavation activities were not required. The change from confined to unconfined water table conditions
does not appear to effect the groundwater flow direction in the upper aquifer. The horizontal extent of excavation
activities is presented on Figure 11, The vertical extent of soil excavation is presented on the hydrostratigraphic
cross-sections present on Figures 6 through 8.

The lower unconsolidated deposits are predominantly layers of CL, ML, or CL/ML soils (fine-grained) that include
lenses of SW, SP, or SM soils (coarser-grained) based on the USCS. The lower unconsolidated deposits extend
from the base of the upper aquifer to the top of bedrock as presented in the hydrostratigraphic cross-sections. The
thickness of the lower unconsolidated deposits ranges from about 5 feet to 30 feet. The thickness and configuration
of the top of the lower unconsolidaied deposits are presented on Figures 12 and 13, respectively. As shown on
Figure 12, the fine-grained lower unconsolidated deposits extend across the site and limit the potential for the
vertical migration of contaminants. The surface elevation of the top of the fine-grained lower unconsolidated
deposits (Figure 13) shows that the surface generally slopes westward across the ceniral portion of the site.

In the RFI, the saturated vertical hydraulic conductivity in the lower unconsolidated deposits, based on laboratory
analysis, was reported to range from about 107 cm/s to 107 cm/s. Geotechnical samples were recently obtained
from the lower unconsolidated deposits at the MW-09 and MW-22 locations and characterized by Geotechnics
Laboratory. The resulis of the geotechnical analysis are provided in Appendix C. The sample collected from the
MW-9 location at a depth of 15 feet was classified as a SM based on the USCS and had a vertical hydraulic
conductivity of 1.4x107 cm/s. The samples collected from the MW.-22 location at depths of 15 feet and 17 feet were
classified as SM and CL, respectively. The vertical hydraulic conductivities of the SM and CL samples were
5.7x107 c/s and 2.3x107 cm/s, respectively. In the RFI, the horizontal saturated hydraulic conductivities in the
lower unconsolidated deposits based on site aquifer tests were reported to range from 9.5x10° Ris) 7.4x10™ cm/sec.

The lower Pennsylvanian/upper Mississippian-age bedrock includes siltstone/shale/sandstone. The top of bedrock
contour elevation map presented on Figure 14 was developed based on RFI and 2003 boring logs. The top of
bedrock exhibits moderate relief and generally slopes toward the northeast. In the RFI, the reported hydraulic .
conductivity calculated from slug tests in deep monitoring wells mostly screened within the interface between
bedrock and unconsolidated deposits, ranges from 1.7x10™ co/s to 1.3x107 cm/s. In-situ hydraulic conductivity
testing 3perfonmed in November 2003 resulted in horizontal hydraulic conductivities ranging from 2.3x10° to
2.6x10° cm/sec in newly installed wells completed in the bedrock. In-situ hydraulic conductivity test resulis are
summarized in Table Z and the calculations are presented in Appendix D.

To evaluate the groundwater flow system in the vicinity of the site, groundwater level measurements were recorded
from the groundwater monitoring wells and staff gauges installed in the Red Cedar River. Groundwater monitoring
well and staff gauge locations are presented on Figure 10. The depth to water measurements, groundwater
elevations, well construction data, and identifications of the hydrostratigraphic unit each monitoring well is screened
in, are present in Table 3.

The shallow aquifer water table contour map indicates that the general horizontal groundwater flow direction is from
east to west across the site toward the Red Cedar River as presented on Figure 18. The calculated horizontal
hydraulic gradient calculated along the depicted groundwater flow line east of the river is about 0.08 fi/ft. This
horizontal hydraulic gradient, in conjunction with a hydraulic conductivity geometric mean of 1.1x10" cm/sec,
results in an average linear groundwater flow velocity of 0.09 feet per day. Shallow groundwater flow west of the
Red Cedar River is also toward the river. The calculated horizontal hydraulic gradient calculated along the depicted
groundwater flow line west of the river is about 0.007 fi/ft. This horizontal hydraulic gradient, in conjunction with a
hydraulic conductivity geometric mean of 1.1x107 cnv/sec, results in an average linear groundwater flow velocity of
0.07 feet per day. :

The bedrock groundwater pieziometric contour map indicates that the horizontal groundwater flow direction is
generally east to west across the site toward the Red Cedar River. The calculated horizontal hydraulic gradient
calculated along the groundwater flow line east of the river is depicted on Figuare 15 is 0.009 ft/ft. This horizontal
hydraulic gradient, in conjunction with a hydraulic conductivity geometric mean of 4.8x10™ cm/sec, results in an
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average linear groundwater flow velocity of 0.06 feet per day in the bedrock. Bedrock groundwater flow wesi of the
Red Cedar River flows to the east toward the river. The calculated horizontal hydraulic gradient calculated along
the depicted groundwater flow line west of the river is about 0.005 fi/ft. This horizontal hydraulic gradient, in
conjunction with a hydraulic conductivity geometric mean of 4. 8x10 cm/sec, results in an average linear
groundwater flow velocity of 0.03 feet per day.

To evaluate the potential for the vertical migration of groundwater contaminants, vertical hydraulic gradients were
determined from groundwater level measurements at well nest locations where shallow and deep wells were located
in close proximity. A downward component of flow from the shallow aquifer to the bedrock aquifer was measured
at well nest locations primarily east of the river, while an upward component to flow was measured primarily at
locations west of the on-site pond and at locations west of the river in the lowland/floodplain corridor. The
distribution of the vertical hydraulic gradients, both upward and downward, is presented on Figure 16. As shown
on Figure 16, upward vertical gradients ranging from 0.03 fi/ft to 0.002 fi/ft. are present adjacent to the Red Cedar
River and within the lowland/floodplain corridor. Upward groundwater flow gradients were alsg measured ai well
nest MW-03/MW-03C on the east margin of the site, MW-09/MW-09C in the center of the site, and MW-28/MW-
28C off-site to the east. These gradients are possibly due to the presence of the upper shallow aquifer being under
confined conditions in these areas. The downward hydraulic gradients measured on the site and east of the river
ranged from 0.002 fi/ft (very low) to 0.04 fi/ft. The vertical hydraulic gradient data is consistent with flow within a
local discharge area and indicates that groundwater flow from the surrounding upliands to the east and west of the
river discharges into the river. The data also suggests a possible correlation with the bedrock surface topography, as
all of the downward gradients are present at locations where the bedrock surface is lower than 850 feet msl, except
for the new off-site well MW-29/MW-28C to the west,

To evaluate the interaction of the groundwater flow regime with the Red Cedar River, horizontal and vertical
groundwater flow data have been integrated into a groundwater flow net. The groundwater flow net, super-imposed
on hydrostratigraphic cross A — A’ and presented on Figure 17, is oriented parallel to the groundwater flow
direction and extends across the site and the Red Cedar River Lowland/floodplain to the MW-27 and 27C well
cluster. The flow net depicts the transition of the flow of groundwater from a predominantly horizontal direction on
the east and west sides of the river to an increasingly upward flow in the Red Cedar River lowland/floodplain. The
vertical hydraulic gradient calculations and associated groundwater monitoring well nest water level measurements
are provided in Appendix .

Omn-site and off-site groundwater samples were collected during 2003 before and after the massive soil excavation
was completed. A baseline monitoring well sampling event was completed in March 2003 prior to excavation
activities. Following the completion of the soil removal, one round of groundwater sampling was conducted in
September-October 2003. A second post-excavation round of sampling was conducted newly installed wells in’
early November 2003 (previously installed wells were not re-sampled). The last monitoring wells (MW-21, MW-27
cluster, MW-28 cluster, and the MW-29 cluster, see Figure 3) were installed in December 2003 were sampled in
late December 2003 and early January 2004.

The horizonial and vertical extents of groundwater contaminants (those detected above applicable criteria) in
groundwater (VOCs, metals, and free cyanide) are presented on Figares 18 through 22. The isoconcentration
contours illustrated on these figures depict the September-October 2003 contaminant concentrations detected in
samples from monitoring wells screened. within the shallow aquifer. These figures also show detected
concentrations from intermediate and deep monitoring well samples. As shown on the iscconcentration maps,
groundwater contamination predominates within the shaliow aquifer versus the bedrock aquifer. Contaminants
detected during September-October 2003 at concentrations above applicable Part 201 Criteria in intermediate or
bedrock well samples are limited to four wells located near the Red Cedar River. Contaminants include vinyl
chloride at well B-2 (38 ug/l), cyanide at wells E-2 (0.006 mgfl) and A-2 ((.007 mg/1) and cadmium (0.0086 mg/}
total, 0.013 dissolved) and lead (0.0087 mg/l) at well I-2.

In summary, the evaluation of the hydrostratigraphic cross-sections, potentiometric surface maps, and groundwater
quality data (ables and figures to assess groundwater flow and transport conditions demonsirates the stability of the
current groundwater contamination area. Following the extensive soil contaminant source excavation and removal
from the site, most of the detected groundwater contaminants (VOCs, metals, and cyanide) that exceed GSI Criteria
and all of the off-site contaminants that exceed Drinking Water Criteria, occur in the shallow aquifer. Therefore,
based on groundwater discharge to the Red Cedar River, the aquitard underlying the shallow aquifer, the close
proximity of the contaminated groundwater to the discharge area, and the successful removal of contaminant source
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materials across the site, contaminated groundwater is expected to remain within the current horizontal and vertical
dimensions of the existing area of groundwater contamination.
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4, Does “contaminated” groundwater discharge into surface water bodies?

X Ifyes - continue after identifying potentially affected surface water bodies.

If no - skip to #7 (and enter a “YE” status code in #8, if #7=yes) after providing an explanation
and/or referencing documentation supporting that groundwater “contamination” dees not enter
surface water bodies.

If unknown - skip to #8 and enter “IN” status code.

Rationale and
Reference(s);

The site is located on the eastern bank of the Red Cedar River. Impacted groundwater from the site discharges to
the Red Cedar River.
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Is the discharge of “contaminated” groundwater into surface water likely to be “insignificant” (i.e., the maximuim
concentration” of each contaminant discharging into surface water is less than 10 times their appropriate
groundwater “level,” and there are no other conditions (e.g., the nature, and number, of discharging contaminants, or
environmental setting), which significantly increase the potential for unaccepiable impacts to surface water,
sediments, or eco-systems at these concentrations)?

X If ves,-skip to #7 (and enter “YE” status code in #38 1f #7=yes), after documenting: 1) the
maximum known or reasonably suspected concentration’ of key contaminants discharged above
their groundwater “level,” the value of the appropriate “level(s),” and if there is evidence that the
concentrations are increasing; and 2) provide a statement of professional judgment/explanation (or
reference documentation) supporting that the discharge of groundwater contaminants into the
surface water is not anticipated to have unacceptable impacts to the receiving surface water,
sediments, or eco-system.

If no, (the discharge of “contaminated” groundwater into surface water is potentially significant) -
continue after documenting: 1) the maximum known or reasonably suspected concentration® of
each contaminant discharged above its groundwater “level,” the value of the appropriate
“level(s),”’and if there is evidence that the concentrations are increasing; and 2) for any
contaminants discharging into surface water in concentrations’ greater than 100 times their
appropriate groundwater “levels,” the estimated total amount (mass in kg/yr) of each of these
contaminants that are being discharged (loaded) into the surface water body (at the time of the
determination), and identify if there is evidence that the amount of discharging contaminants is
increasing.

If unknown - enter “IN” status code in #8.

Rationale and
Reference(s):

The discharge of contaminated groundwater into surface water is not insignificant due to two detections of vinyl
chloride at concentrations greater than 10 times their appropriate groundwater “level”, which for this project is
MDEQ Part 201 GSI criteria. '

The detected concentration of vinyl chloride in the October 2003 MWB-1 sample was 250 ug/L, and the vinyl
chloride detection in the November 2003 MW-17 sample was 330 ug/L (Figure 23). These shallow wells are near
the Red Cedar River and therefore represent the worst-case discharge of vinyl chloride. The-deteeted-concertrations”
are-more than-10-times the ‘GST criterion for-vinyl-ehloride (10-timss-thy »QSI;JCH(@HOYI of 15ugfli5 150 ug/L). The
detected vinyl chloride concentrations are significantly less than’ (00 times tpé GSI criterion (the actual ratic is
22 times GSI for MW-17), so the mass loading of vinyi chloride dees-not” fieed to be determined, as specified in
Question 5.
o

No other groundwater constituents have been observed at concentrations greater than 10 times the GSI criteria in
samples from wells located near the river (in eastern on-site wells MW-01, MW-02, and MW-5 TCE levels are
elevated but are representative of plume conditions at the groundwater surface water interface).

3 A s measured in groundwalter prior to entry to the groundwater-surface water/sediment interaction (e.g., hyporheic)
Zone.
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6. Can the discharge of “contaminated” groundwater into surface water be shown to be “currently .
acceptable” (ie., not cause impacts to surface water, sediments, or eco-sysiems that should not be allowed
to continue until a final remedy decision can be made and implemented®)?

X___If yes - continue and either: 1) identifying the Final Remedy decision incorporating these
conditions, or other site-specific criteria (developed for the protection of the site’s surface water,
sediments, and eco-system), and referencing supporting documentation demonstrating that these
criteria are not exceeded by the discharging groundwater; OR
2) providing or referencing an interim-assessment’, appropriate to the potential for impact, that
shows the discharge of groundwater contaminants into the surface water is (in the opinion of
trained specialists, including ecologist) adequately protective of receiving surface water,
sediments, and eco-systems, until such time when a full assessment and final remedy decision can
be made. Factors which should be considered in the interim-assessment (where appropriate to
help identify the impact associated with discharging groundwater) include: surface water body
size, flow, uselclassification/habitats and contaminant loading limits, other sources of surface
water/sediment contamination, surface water and sediment sample results and comparisons to
available and appropriate surface water and sediment “levels,” as well as any other factors, such as
effects on ecological receptors (e.g., via bio-assays/benthic surveys or site-specific ecological Risk
Assessments), that the overseeing regulatory agency would deem appropriate for making the EI
determination.

If no - (the discharge of “contaminated” groundwater cannot be shown to be “currently
acceptable”) - skip to #8 and enter the “NO” status code, after documenting the currently
unacceptable impacts to the surface water body, sediments, and/or eco-systems.

If unknown - skip to #8 and enter “IN” status code.

Rationale and Reference(s):
The discharge of “contaminated” groundwater into surface water is “currently acceptable”. The acceptability of the
discharge is demonstrated below by means of a groundwater-surfacc water mixing calculation and a comparison of

the calculated surface water concentration to applicable surface water protection criteria.

Areas Of Groundwater Discharge Associated With Current BExceedances In Groundwater

The cross sectional area for VOCs discharging to surface water (Ayec) is determined by the maximum thickness of
the shallow aquifer nearest the surface water body and the total distance across well arcas associated with VOC
discharges. An 8-foot vertical profile is a conservative measure since that value is the maximum on-site and is
expected to exceed the thickness of the shallow aquifer across most of the discharge area. A 450-foot horizontal
distance is a conservative measure since that value is based on the entire VOC plume front nearest the Red Cedar
River and the drainage ditch south of the raitroad tracks (from north of MW-26 i south of MW-14),

Ayoc = 450ft x 8 ft = 3,600 fi’
MDEQ Flow Measurements And Prescribed Low Flow Discharge (Qsw) For The Red Cedar River

The MDE() completes mixing zone determinations using conservatively derived stream flow values representing a
90-day once in 10-year flow (90Q10). The mean harmonic flow value for the Red Cedar River based on MDEQ
measurements taken at the site boundary is 12 cfs. The MDEQ 90Q10 value is 3.8 cfs.

(Qsw) = (3.8 fi¥/sec)(86,400 sec/day) = 328,320 fr'/day

Averase Value Of Horizontal Hydraulic Gradient For The Shallow Aguifer (i)

i= 0.02 f/ft (double the actual gradient measured from MW-09 to MW-17)
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Hydraulic Conductivity (K} From RFI Permeability Tests

K = 14 f/day (highest RFI permeability test result)

Calcu_lated Groundwater Flux (Ggu)
Qgw = (B) (1} (A)

Qe = (14 ftiday) (0.02 fu/ft) (3,600 ) = 1,008 f'rday 701"

Estimated Surface Water Concentrations (C..) After Discharge and Comparison To GSI Criteria

Concentrations in surface water = maximum plume concentration times the mixing zone dilution factor (Qgw /Qsw):

Cow = (ng) (ng 1Qg) ) W . ) jggfwa\ju&ﬁ%
- Estimated Concentration
Based on Mixing with NS
Maximum Concentration 90Q10 Surface Water MDEQ Pagt 201 Mixing Zone
Parameter Above | Nearest Red Cedar River Flow Generie GSI Dilution Ratio
10X GSI Criteria (Cpu) (Cew) C%ria (Qew/Qew)
Vinyl Chloride 330 ppb 1.01 ppb A5 @b 325:1
N,

Therefore, the discharge of groundwater into the Red Cedar River is acceptable within the context of this EI
determination. As cited in the response to Question 5, no other groundwater constituents exceeded 10 times their
GSI criteria. The application of the mixing zone dilution factor (Qg/Qw) 10 all other detected groundwater
constituents would show that all concentrations decrease to levels even further below their appropriate criteria.

Several additional factors regarding viny! chloride impacts to surface are noteworthy:

e The vinyl chloride GSI criterion exceedances are largely based on conservative, human health risk based
calculations. The detected concentrations are much lower than values protective of aquatic life and
wildlife. The Red Cedar River is not a drinking water source.

s The two detections of vinyl chloride that exceeded 10 times the GSI criterion are not representative of the
entire discharge of groundwater from the site to the river over the 30-year exposure period assumed in the
development of the GSI criterion.

e  Vinyl chloride was not detected in any surface water or sediment samples during 2003.

e Vinyl chloride is not expected to persist long in surface water.

Basis for GSI Criterion and Potentially Significant Bxposures

GSI criteria are based on protection of human health, wildlife and aquatic life. The criterion for vinyl chloride
assumes non-drinking water exposures. The vinyl chloride concentration in MWB-1 and MW-17 are much less than
values for protection of wildlife and aquatic life (Rule 57 Water Quality Values, MDEQ, Surface Watér Quality
Assessment Section). Therefore, the potential significance of the vinyl chloride is related to human health, not to
" ecological resources and the discharge of “contaminated” groundwater to the river is currently acceptable in relation
to impacts on wildlife and aquatic life. '

The Red Cedar River is a iributary to the Grand River, which flows into Lake Michigan. Neither the Red Cedar
River nor the Grand River is used as a public drinking water source (Public Water Supply Intakes in Michigan,
MDEQ). Fowlerville obtains muaicipal water from groundwater, not from surface water (Michigan Cormunily
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Public Water Supplies, MDEQ). GSI Criteria for non-drinking water is appropriate because the Red Cedar River is
not used as a public drinking water source.

This portion of the Red Cedar River may infrequently be a used for swimming or other exposures involving whole
body contact. Total body contact, fish ingestion, and incidental ingestion of water are assumed in development of
GSI Criteria. No constiituents were detected in the river at concentrations above GSI Criteria, so total body contact,
fish ingestion, and incidental ingestion of river water exposures are currently acceptable in relation to the current
discharge of vinyl chloride to the river from the site (this analysis does not apply to sediments that reflect past inputs
of persistent chemicals).

Representativeness of the Data

Concentrations of vinyl chioride in groundwater exceed 10 times the GSI criterion in only two of the 20 wells
located along the river (Figure 23). Therefore, this single location exhibiting an elevated vinyl chloride
concentration is not representative of the entire discharge area. The discharge area with groundwater concentrations
of vinyl chloride in exceedance of 10 times the GSI criterion is relatively smalt compared to the total discharge area
of the site to the river. ‘

The GSI criterion is based on carcinogenicity, and assumes 30 years of exposure over a 70-year lifetime. The
current concentrations are not representative of the 30-year exposure concentration. Concentrations will generally
decline over 30 years because the massive excavation of contaminated soi} in 2003 effectively removed the most
significant continuing source area of chlorinated soivents to shallow groundwater at the site. In addition,
groundwater remediation activities may be implemented in the future, if necessary, should increased concentrations,
newly identified GSI exceedances, or plume rebound effects be identified during the groundwater monitoring
program.

Presence of Vinyl Chloride in Surface Water and Sediments

Vinyl chloride was not detected in any surface water samples from the river including samples collected near wells
MWR-1 and MW-17. This indicates vinyl chloride is rapidly attenuated from the surface water and/or the loads to
the river from impacted groundwater are too low to cause detectable concentrations in the river.

Vinyl chloride was not detected in sediments during 2003. Some of the sediment samples were coliected very close
to MWB-1 and MW-17, the only wells with vinyl chloride greater than 10 times the GSI criterion. It should be
noted that one very low concentration of vinyl chioride (0.013 mg/Kg) was detected in one sediment sampie
(SE/RC-10/1) out of approximately 100 sediment samples collected in 1994 and reported in the RFI Report. The
absence of detectable concentrations of viny chloride in sediments indicates vinyl chloride is rapidly lost from the
 sediments and/or the loads to the sediments from impacted groundwater are too low to cause detectable
concentrations in sediments. The discharge of “contaminated” groundwater into surface water is cumently
acceptable in past because vinyl chloride was not detected in surface water or sediments,

Persisience of Vinyl Chioride in Surface Water

Vinyl chloride is not expected to persist long in surface water. Vinyl chloride volatilizes rapidly from surface water
with a half-life of approximately 0.8 hours. It is also subject to photo-degradation and does not bio-accumulate
{Handbook of the Environmental Fate and Exposure Data for Organic Chemicals by Philip Howard, 1989).

“Note, because areas of inflowing groundwater can be critical habitats (e.g., nurseries or thermal refugia) for many
species, appropriate specialist (¢.g., ecologist) should be included in management decisions that couid eliminate
these areas by significantly altering or reversing groundwater flow pathways near surface water bodies.

The understanding of the impacts of contaminated groundwater discharges into surface water bodies is a rapidly
developing field and reviewers are encouraged to look to the latest guidance for the appropriate methods and scale
of demonsiration to be reasonably certain that discharges are not causing currently unacceptable impacts to the
surface waters, sediments or eco-systems.
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7. Will groundwater monitoring/measurement data (and surface water/sediment/ecological data, as
necessary) be collected in the future to verify that contaminated groundwater has remained within the
horizontal (or vertical, as necessary) dimensions of the “existing area of contaminated groundwater?”

X If yes - continue after providing or citing documentation for planned activities or future
sampling/measurement events. Specifically identify the well/measurement locations which will be
tested in the future to verify the expectation (identified in #3) that groundwater contamination will
not be migrating horizontally (or vertically, as necessary) beyond the “existing area of
groundwater contamination.”

If no, enter a “NO" status code in #8.
If unknown - enter an “IN” status cede in #8.

Rationale and
Reference(s):

Groundwater monitoring/measurement data will be collected in the future to verify that contarinated groundwater
has remained within the horizontal and vertical dimensions of the existing area. - Future groundwater sampling will
be conducted both on-site and off-site to confirm the findings of the 2003 groundwater study and to further
characterize the nature and extent of groundwater contamination over time. Long-term groundwater sampling will
also allow the assessment of anticipated beneficial effects resulting directly from the massive removal of the
contaminated soil from the site during 2003. A groundwater monitoring program will be established to monitor the
existing contaminated groundwater area.

Future groundwater sampling will be conducted on a semi-annual basis for the nexi two-year period. Groundwater
sample analyses will include metals, cyanide, polychlorinated biphenyls, semi-volatile organic compounds, and
VOCs on selected well samples. Following the two-year sampling period, the frequency of sampling and
parameters selected for analysis will be re-evaluated based on an assessment of past water quality data.

Groundwater level measurements will be conducted for the next two-year period on a semi-annual basis. The
groundwater level measurements will be evaluated and groundwater flow direction confirmed to verify that
contaminated groundwaler flow paths remain within the horizontal and vertical dimensions of the existing area of
contaminated groundwater.
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g. Check the appropriate RCRIS status codes for the Migration of Contaminated Groundwater Under Control
EI (event code CA750), and obtain Supervisor (or appropriate Manager) signature and date on the EI
determination below {attach appropriate supporting documentation as well as a map of the facility).

X__YE - Yes, “Migration of Contaminated Groundwater Under Control” has been verified. Based on
a review of the information contained in this BI determination, it has been determined that the
“Migration of Contaminated Groundwater” is “Under Control” at the Former Stanley Too facility,
EPA ID# MID099124299, located at 425 Frank Sireet, Fowlerville, Michigan. Specifically, this
determination indicates that the migration of “contaminated” groundwater is under control, and
that monitoring will be conducted to confirm that contaminated groundwater remains within the
“existing area of contaminated groundwater.” This determination wili be re-evaluated when the
Agency becomes aware of significant changes at the facility.

NO - Unacceptable migration of contaminated groundwater is observed or expected.
IN - More information is needed to make a determination.
Completed by  (signature) Date

(print)
(tide)

Supervisor (signature) Date
(print)
(title)
{EPA Region or State)

Locations where References may be found:

Contact telephone and e-mail numbers:

(name)
(phone #)
(e-mail)
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ON GROUNDWATER MONITORING
WELL MEASUREMENTS.

SOURCE:
USGS 1998

APPROXIMATE SCALE: 1" = 1000'

FIGURE 4
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